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Modeling the percentage 
of solids in bauxite mining 
tailings using geoprocessing
Abstract

Linked to important pillars of the Brazilian economy, studies related to mining and 
the use of UAVs (unmanned aerial vehicles) have been gaining ground in recent years, 
especially related to the geotechnics of dams and precision agriculture. However, the 
interdisciplinarity needed to carry out more robust analyses are still lacking in some ar-
eas, which brings up good opportunities to be explored. In this sense, the present study 
combined products obtained through different activities and methodologies, aiming 
at a solution that provides predictability to the mining dam management process, 
specifically linked to modeling and obtaining data on solid content in the tailings, arising 
from the processing of bauxite, based on geoprocessing. The activities necessary to 
achieve the sought objectives covered, briefly: 2021 tailings sampling campaign carried 
out in the Plateau Disposal System (RP1), laboratory analyses (humidity), aerial survey 
with Unmanned Aerial Vehicle (UAV), geoprocessing for the extraction of luminosity 
values of images and statistical analysis of dispersion. As a result, it was observed that 
the increase in the number of drying cracks (highlighted in the images by dark pixels) 
is directly related to the drying of the waste (increase in the percentage of solids), whose 
quadratic model presents an excellent relationship between the values of the pixels in 
the images and percentage of solids from laboratory data, implying a determination 
coefficient of 91.74%. Furthermore, gains in security, predictability and economy for 
the processes stand out, when compared to the traditional methods applied, in 
addition to an excellent potential to be developed in future studies.
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1. Introduction

Mining dams have the function of 
adequately containing and storing waste 
from the ore beneficiation process (ANM, 
2022). Compared to agriculture, for 
example, an activity that occupies large 
areas and makes constant use of pesticides 
and fertilizers, mining, in general, has less 
potential for environmental damage if 
correctly performed (Luz & Linz, 2018). 
As for the technical assessments in the 
context of dams, it is possible to observe 

a growing tendency towards moderniza-
tion of the methods and equipment used 
in the geotechnical monitoring of these 
structures, obtaining physical-chemical 
data of the materials and assessments of 
areas, including diagnosis, mitigation of 
environmental impacts, optimization pro-
cesses and maximizing the use of natural 
resources linked to mining dams. In this 
way, studies on technology and innovation 
inherent to mining dams gain investment 

and prominence. It is possible to highlight 
the need for monitoring to verify the ef-
fectiveness of this disposal, in order to 
plan, execute and readjusted future plans 
for the disposal of tailings, aiming at a 
uniform and optimized distribution of 
these materials in the reservoir. For this, 
it is fundamental to understand the drying 
of the waste in the reservoirs, whose data 
are conventionally obtained through field 
collection and laboratory analysis. This 
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Figure 1 – MPSA-Hydro Tailings Disposal Systems Location Map.

drying is strongly influenced by climatic, 
geological-structural and pedological 
characteristics, directly influencing the 
rates of rainfall, evaporation and the per-
meability of the dam foundation.

Within the scope of understanding 
the distribution of tailings, volumetric 
volumes and the like, the use of UAVs is 
gaining more and more space. Used to cap-
ture images of the land surface, followed 
by adequate processing, they can provide 
very useful products that are still little 
explored in the geotechnical environment 
even though they present good results for 
the development of advanced techniques 
and tools, facilitating analyzes in the areas 
of interest, mainly related to dams (Peters 
et al., 2020). However, in mining, said 
equipment and products are normally 
used for the acquisition of conventional 
aerial images, preparation of topographic 
maps, measurement of areas and the like, 
with their use and development often 
restricted to the areas of topography, 

projects and mine planning (including 
geological modeling, sequencing of mines, 
etc.), and is still little explored by some 
areas of said activity.

In this sense, the present article pro-
poses the use of orthophotos to develop 
more advanced and agile applications, 
through geoprocessing, aiming at obtain-
ing information that is normally obtained 
only with methods of sample collection 
and conventional analysis, as occurs in 
physical analyses (routinely carried out in 
the laboratory) to know the solids of the 
tailings in mining dams.

Occupying an area of around 
50,000 km², is the Bauxite Province of 
Paragominas and its regional context 
encompasses sediments of eolian and la-
goon nature, as well as estuarine-lagunar 
and fluvio-estuarine, characteristic of 
coastal environments. Geomorphologi-
cally, the region is marked by dissected 
tabular relief, whose approximate alti-
tudes vary between 400 and less than 

100 m, being limited between the Serra 
de Gurupi and the region of the city of 
Ipixuna (Kotschoubey et al., 2005). In 
this geological-geomorphological context, 
MPSA owns a bauxite mining and pro-
cessing complex, it also has two Tailings 
Disposal Systems (TDS): Valley (TDS) and 
Plateau (SDR2), whose operations began 
in March 2007, with the provision in the 
Valley System. In 2017, the Plateau System 
(RP1), the focus of this study, came into 
operation, and currently, the arrangement 
occurs in both systems (Figure 1).

Heterogeneous rock composed 
mainly of one or more aluminum hy-
droxides and various mixtures contain-
ing silica, iron oxide, titanium, kaolinite 
and other impurities in smaller quanti-
ties, bauxite was discovered in the year 
1821, by the scientist Pierre Berthier 
(1782-1861), in Les Baux, situated in the 
southern region of France. It is a rock with 
more than 40% alumina (Bárdossy, 1997; 
Sampaio et al., 2005).

Hydro-MPSA's monthly topograph-
ic database for the year 2021 was used, in-
cluding 12 orthophotos (generated month 
by month, from January to December) 
obtained from processing aerial images 
captured by UAVs. Results of laboratory 
analyzes (percentage of solids) in the pe-
riods of the respective dates of acquisition 
of aerial images were incorporated into 
the database for correlation purposes. 
The following steps were performed: col-

lection of sampling and laboratory data, 
aerial images, processing, estimates of the 
percentage of solids and validation of the 
results obtained. The specific stages of the 
study will be described below.

To point out that in the MPSA the 
waste is disposed with a solid content 
varying between 33% and 35%, then 
passing through exposure for drying at 
periods of 30 to 60 days, during the dry 
season and rainy season, respectively, 

until it reaches a solid content equal to 
or greater than 60%, when a new layer is 
launched, repeating the process cyclically. 
The tailings from the bauxite beneficiation 
process are predominantly fines, with a 
higher fraction passing through at 400 
mesh, in which the tailings are disposed of 
by spigotting, and within the management 
and planning routine, tests are carried out 
in accordance with NBR 6457 (ABNT, 
1986) and NBR 7217 (ABNT, 1984), 

2. Materials and methods
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With the monitoring and analysis of 
the laboratory results of the percentage of 
solids, it was possible to generate a box plot 
graph and observe the drying process of the 
waste, its phases and main sub-processes: 
exudation, evaporation, infiltration, sta-
bilization and formation of drying cracks 
according to the trend curve (Figure 2). 
When comparing the average data between 

the 3 drying phases, it is noted that the 1st 
and 3rd phases refer to the portions of the 
curve in which the differences between the 
sample averages were significant, attesting 
that there are greater moisture losses, that 
is, greater variability in the drying period. 
In the 2nd phase, the differences between 
the averages were not significant (p > 0.05); 
at this moment there was no significant 

gain in solid content and loss of moisture.
It should be confirmed that after the 

stabilization of the 2nd phase a significant 
gain in solid content occurs due to the 
three-dimensional development of the 
referred to drying cracks, again increasing 
the permeability of the materials and the 
exposure area, also combined with the high 
evaporation rates.

Figure 2 – Percentage of solids in the tailings (y axis) versus days (x axis), highlighting the 3 drying phases after disposal of the tailings.

3. Results

for determining moisture, solid content, 
granulometry and density, for monitoring 
the evolution of the drying process of the 
tailings in the dams.

As a way of understanding and 
managing the solid content of the tailings 
disposed of in RP1, weekly campaigns 
are carried out to collect samples of tail-
ings with a specific sampler. The RP1 
quadrants have 03 platforms in each of the 
04 quadrants and the samples are stored in 
plastic bags, duly labeled and transported 
to the laboratory, where they are weighed 
on high precision scales, dried in an oven 
and weighed again, obtaining data of dry 
and wet mass, consequently the respective 
percentages of solids and moisture con-
tents. Annually, an average of 500 samples 
are collected, and this routine is carried 
out twice a week, in the quadrants where 
waste is being disposed. Field collections 
and humidity tests are carried out accord-
ing to Hydro's internal procedure, based 
on NBR 6457 (ABNT, 1986).

The image acquisition was done us-

ing the DJI Phantom 4 RTK model drone 
and then the processing is performed using 
the software Agisoft Photoscan, where the 
workflow makes it possible to obtain point 
clouds, digital elevation models and the or-
thophotos to be used to obtain the products.

With the 12 orthophotos from 
January to December 2021, in a GIS 
environment, an area with dimensions of 
50 m wide by 50 m long was delimited, 
positioned next to the sampling platforms 
of the RP1-A quadrant, restricting the 
areas of existing interest, closer to the 
collection points of waste samples. As 
mentioned, the RP1-A has 3 sampling 
platforms, thus, a total of 36 orthophoto 
clippings were extracted (1 monthly clip-
ping per platform). Subsequently, to access 
the quantitative attributes of these images, 
the values referring to the brightness of the 
pixels of the images of the referred cutouts 
were extracted, for points. It is worth 
mentioning that each of the 3 monthly 
images generated for analysis contained 
around 140,000 points, whose attribute 

tables generated were exported for subse-
quent analyses.

With the data from the mentioned 
extraction of pixel luminosity values, 
their averages were calculated and the 
percentages of solids in each region were 
organized, as well as the monthly rainfall, 
seeking the first understandings about the 
relative behaviors between the variables. 
Then, the software used was Minitab 
(version 20.4) and regression analyses 
were performed between pixel values 
(luminosity) and solid content, generating 
graphs and the like. Thus, it was possible 
to statistically verify the relationship be-
tween the results of solid contents and the 
luminosity of the pixels in the orthophotos 
of the tailings.

Finally, aiming at validation, data 
from March 2022 were used in the model 
and the results obtained by conventional 
means (collection and laboratory analy-
sis) were checked, comparatively, even 
if fed by data from 2021, based on the 
proposed methodology.
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Figure 4 – Luminosity data extracted from the orthophoto and Graph containing pixel 
luminosity data and percentage of solids measured (laboratory) on the 3 platforms (P1, P2 and P3).

Where: “y” is the percentage of waste solids; and “x” is the brightness value of the pixels.

y = 4.091 - 0.03269 x + 0.000075 x²

Furthermore, as quantitative re-
sults, it was possible to obtain the 
average luminosity values (through the 
extraction of these values contained in 
the pixels of the images) for points whose 
exportation of the respective tables of 
attributes and analyses, made possible the 
first understandings of the relationships 
between the contents of solids and pixel 

brightness values ( Figure 4).
As expected, it was also possible to 

verify that the pixels present in the cracks 
generate lower luminosity values, reaching 
maximum values of 170, here defined by 
luminosity units, giving the image darker 
aspects. On the other hand, the response 
of the pixels presents on the surface of the 
waste, generate higher values, surpassing 

180 luminosity units, attributing lighter 
tones to the images (Figure 5).

Based on the statistical analysis, 
it was possible to obtain the quadratic 
model, correlating the image variables 
(pixel luminosity) and the laboratory 
results (percentage of solids), expressed by 
the formula used to obtain predictability, 
as follows:

Figure 3 – Variation of solids content in the tailings (quadrant RP1-A) between January 22nd and June 22nd, 2021, on platform 3.

In addition, as an example of a qualita-
tive result, it is possible to highlight the visual 
comparison obtained in relation to the raw 
data of the first semester of 2021 in the RP1-A 

quadrant, highlighting the change marked 
by the increase in the concentration of dry 
cracks, associated with the increase in the 
percentage of solids on the tailings surface, 

between January (smoother and clearer due 
to the tailings surface) and June (more rough 
and darker due to the increased concentra-
tion of contraction cracks) of 2021 (Figure 3).
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These analyses also allowed us to 
verify that the value of p (<0.001) indi-
cates that the relationship between the 
two variables is statistically significant 
(when p<0.05). Furthermore, the val-
ue of the coefficient of determination 

(R² = 91.74%) implies a strong correlation 
between the variables (solid content and 
pixel luminosity), and the equation for 
the quadratic model made it possible to 
obtain a table relating them (Figure 6 and 
Figure 7).

From the analyses, it was possible to 
compare the results obtained by conven-
tional means (sampling and laboratory 
analysis) with the predictability results 
(pixel luminosity and use of the quadratic 
model equation) (Figure 8).

Figure 5 – Pixel luminosity values attest to the significant difference in response between the referred features.

Figure 6 – Summary report generated from regression analyzes with the software Minitab.
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The average results for the year 
2021 indicated a maximum difference 
of 4.6% between laboratory data and 
the predictability model.

As a way of validating the model, 
luminosity values were also extracted 
from the pixels in the region of the 3 
platforms (P1, P2 and P3), using the 

orthophoto generated on March 25, 
2022, using the referred to methodol-
ogy (Figure 9).

Figure 7 – Prediction report generated from regression analyzes with the software Minitab.

Figure 8 – Comparison between the conventional solids contents and those obtained through the predictability formula.
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Figure 9 – Luminosity data extracted from the orthophoto of 03/25/2022, highlighting the RP1-A.

It is possible to note that, even 
considering that the model inputs 
were from the year 2021, the equa-

tion of the generated model showed 
a maximum variation of 5.7% on 
platform 2 and in the final average, 

only 1.5%, when tested with pixel 
luminosity data from 2022.

Figure 10 – Generation of the dry cracks mosaic. Source: Pedrosa (2012).

Indicator Model Laboratory Difference

% Solids P1 56.2 57.9 1.7

% Solids P2 65.6 59.9 -5.7

% Solids P3 61.2 59.2 -2.0

Average % Solids 60.5 59.0 -1.5

Table 1 – Comparison between the results calculated from the 
predictability model equation and the samples and laboratory analyzes of 03/25/2022.

The comparative results between the two methods (laboratory versus model) can be seen in Table 1.

In a brief comparison with other 
studies, through operations with images, 
Santos et al. (2016) related the perceptible 
characteristics in the soil to moisture 
content, obtaining good evidence that the 
methodology is promising for predictabil-
ity purposes. Liu et al. (2022) also used 
digital image processing to predict soil 
moisture content, pointing out that the 
luminosity parameters extracted from the 
images, associated with statistical methods 
of linear regression, generate good results. 
Evaluating aerial images, it is also possible 
to observe the most frequent features, 
shades, etc. And the quantification of these 

features in the images is feasible through 
the extraction of the referred to luminosity 
values, as proposed by Wang & Shi (2006).

As for the present work, at the end 
of the tailings release, it is possible to infer 
two trivial initial phases, starting with 
sedimentation and partial separation be-
tween the solid and liquid phases, where 
there is the greatest advance in the drying 
process, especially of the supernatant wa-
ter. This higher initial loss can be justified 
by the high permeability of the geological-
structural units of the Plateau System foun-
dation, combined with the high regional 
evaporation rates, occurring mainly in the 

first layers more effectively, due to direct 
contact with the foundation. Then, there 
is a stabilization phase, marked by the 
consolidation and beginning of the devel-
opment of the three-dimensional mosaic 
formed by cracks of dryness observed by 
Pedrosa (2012) (Figure 10).

However, despite not being so obvi-
ous, observing and analyzing the disper-
sion and trend of the data it was also 
possible to highlight a second significant 
gain in drying punctuated as a 3rd phase, 
marked by the three-dimensional evolution 
of the cracks, consequently greater expo-
sure of the materials in specific area terms.

4. Discussion
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In this way, it is possible to point 
out that the development of drying cracks 
also favors penetrability in the underlying 
waste and connection, albeit incipient, 
with the substrate, the foundation, which 
is significantly permeable. The increase 
in the exposure area (specific area) also 
allows for greater effectiveness of the 

evaporation process. Furthermore, the 
relationship between the increase in 
the concentration of cracks implies the 
“darkening” of the orthophotos; that 
is, with the advancement of the dry-
ing of the tailings, there is an increase 
in the number of dark pixels, whose 
luminosity values are obviously lower 

than those disposed on the surface of 
the tailings.

These understandings obtained 
through systemic and interdisciplinary 
analysis (geotechnics, geoprocessing, 
and statistics) are the core of this study 
and are fundamental for understanding 
the results.

Given the above, it was possible 
to observe that the laboratory results 
provide essential data for understanding 
the behavior during the drying of the 
tailings in RP1. The evolution curves of 
this drying make clear the different stages 
of this process, from its disposition to 
drying and intensification of the quantity 
of drying cracks.

By correlating empirical observations 
and laboratory data, it was possible to 
visualize the increase in the percentage 
of solids in the waste, obtained over the 
drying time, attributing the increase in 
the number of cracks to the reduction in 
the average of the luminosity values in 
the orthophotos, whose relationship was 
statistically proven.

Therefore, the interdisciplinary meth-
odology, encompassing geoprocessing, 
geotechnics and statistics, is applicable 
and deserves attention for future work. It 
is also recommended to apply the method 
with the use of special sensors, such as 
thermals, LiDAR (Laser Detection and 
Ranging), among others applicable to the 
topics discussed throughout the article.

Finally, with the equation obtained, 
expressed in the results, as well as the 
robust database of laboratory results 
and aerial survey routine, it is possible to 
reassess the need for the current weekly 
sampling volume practiced in the com-
pany. In this way, the application of the 
proposed method proves to be viable 
for monitoring the drying process of 

the waste (from 35% to 60% of solids), 
being recommended to prove the target 
percentage (60%) and the release of the 
layers maintained by the conventional 
(laboratory) method.

Considering the aforementioned 
statistical evidence, the use of the 
interdisciplinary methodology proved to 
be promising, where it was possible to 
attest to the feasibility of obtaining the 
predictability of the percentage of solids in 
the waste from the bauxite beneficiation 
process, whose reduction in the sampling 
routine can generate labor savings of work 
and materials, intended for sampling 
and use in the company's laboratory, just 
better exploring the data and resources 
already existing in the company.
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